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S ocioeconomic disparities in health care have been documented for several medical conditions in many countries, even in those with universal health insurance. [1] [2] [3] Lower socioeconomic status has been associated with a higher incidence of stroke, a greater prevalence of chronic diseases, and reduced access to care for a variety of conditions. 4 -6 A few studies have shown a higher stroke case fatality with lower socioeconomic status. 2, 7, 8 However, the underlying reasons for this association are not well understood, and it is not known whether this is explained by individual patient factors (comorbid illness, response to therapy) or by health system factors (available resources, access to care).
For many surgical conditions, increasing hospital patient volumes are associated with reduced morbidity and mortality. 9 -11 Recently, similar findings have been reported for acute ischemic stroke, with superior outcomes seen in patients with stroke treated in higher-volume facilities. 12 To date, however, there has been little exploration of the relation between socioeconomic status and patient volume when explaining differences in outcomes and fatality between hospitals. Furthermore, whether stroke case fatality is differ-ent in academic versus nonacademic hospitals after accounting for volume is unclear. Along the same lines, it is not known whether rural residence modifies any effect of socioeconomic status on stroke case fatality.
Using a population-based national database, we sought to determine whether patients from low-income neighborhoods were more likely than those from high-income neighborhoods to receive care at low-volume institutions. In addition, we examined the association between neighborhood income and hospital volume on stroke fatality. In stratified analyses, we examined whether mortality was different between academic hospitals and nonacademic hospitals of similar volume and whether rural residence affected death in different socioeconomic groups.
Methods Data Sources and Patient Sample
The Hospital Morbidity and Mortality Database (HMDB) is a national database managed by the Canadian Institute for Health Information that contains patient-level sociodemographic, diagnostic, procedural, and administrative information on all hospital discharges in Canada. Canada's health care system includes government-funded universal public provision of physician and hospital services and the absence of copayments and other patient charges. Reporting to the HMDB is mandatory in Canada. Diagnoses are recorded according to the International Classification of Diseases, either the ninth (ICD 9-CM) or 10th (ICD 10) revision. Reabstraction studies have shown 92% agreement between the HMDB and the chart for stroke diagnoses and agreement rates of 97% for date of admission, 99% for death, and 96% to 100% for sociodemographic data elements. 13, 14 There are 680 acute-care facilities across the country reporting to the HMDB, which covers 99.8% of all acute-care hospitals and includes academic and community hospitals and rural and urban facilities from all provinces and territories.
For the present study, we identified all patients with ischemic stroke admitted to acute-care hospitals in Canada between April 1, 2003 and March 31, 2004 with a principal diagnosis of ischemic stroke (ICD-9-CM codes 433.0, 433.1, 433.2, 433.3, 433.8, 433.9, 434.0, 434.1, and 434.9 and ICD-10 codes I63 and I64). 15 Because of major prognostic differences, patients with transient ischemic attack, intracerebral hemorrhage, and subarachnoid hemorrhage were excluded. Records containing unknown socioeconomic status were also excluded (nϭ1448, 5.3%).
Comorbid Illnesses and Complications
We used the Charlson-Deyo comorbidity index to quantify patients' comorbid conditions. 16 This index is a weighted summary score based on the presence or absence of 17 medical conditions. A score of zero implies no comorbid illness, and higher scores indicate a greater burden of comorbidity. For the purpose of this study, Charlson-Deyo index scores were categorized into none, 1, 2, or 3 or more comorbid conditions. 17 Serious medical complications during hospitalization (intracerebral hemorrhage, pneumonia, decubitus ulcer, and urinary tract infection) were also identified. In the HMDB, no data are available on stroke severity (such as the National Institutes of Health Stroke Scale) or functional status (such as the Barthel Index or modified Rankin scale). Admission to an intensive care unit (ICU) was used as a surrogate for severe stroke.
Socioeconomic Status
Socioeconomic status was estimated through an approach developed by Statistics Canada that assigns neighborhoods to quintiles based on income data reported on the 2001 census. Within each large neighborhood (census area), smaller areas (dissemination areas, which contain, on average, 400 persons) were ranked by median household income (adjusted for household size) and divided into approximate quintiles, thus creating community-specific income quintiles, with 1 representing the lowest and 5 representing the highest income quintile. Each quintile contained 274 or 275 dissemination areas. 18 For our analyses, neighborhoods were dichotomized a priori into low-income (quintiles 1 and 2) and high-income (quintiles 3 through 5) areas. The estimation of socioeconomic status from neighborhood income has been previously reported by different authors. 19, 20 Hospital and Physician Characteristics Academic status was defined as an institution affiliated with a university that provides health/clinical education programs and physical facilities necessary for research and education according to the Association of Canadian Academic Healthcare Organizations. 21 Rural location was defined according to the hospital postal code. We defined hospital volume as the annual number of stroke patients admitted to an individual hospital in the 2003 to 2004 fiscal year. Facilities were divided into quartiles based on annual patient volumes (quartile 1, 1 to 62 cases per year; quartile 2, 63 to 141; quartile 3, 142 to 197; and quartile 4, Ͼ198). We defined highvolume hospitals as being in the top 2 quartiles and low-volume hospitals as being in the bottom 2 quartiles. The HMDB defines a "most responsible physician" as the physician caring for a patient for the majority of days during an inpatient stay. In our analyses, the most responsible physician was classified as either a general practitioner or a specialist (including neurologists, general internists, and other specialists). An interfacility transfer was defined as transfer between 1 acute-care facility and another. The main outcome measure was stroke fatality. Stroke 7-day inhospital fatality was defined as death at or before 7 days after admission. Stroke fatality at discharge was defined as death by the time of discharge from hospital.
Statistical Analysis
To examine the effect of the combination of neighborhood income and hospital volume on stroke fatality, we created 4 groups: high income/high hospital volume; high income/low hospital volume; low income/high hospital volume; and low income/low hospital volume. To determine differences in baseline demographics among income quintiles and low/high income-volume groups, we conducted a 1-way ANOVA for continuous variables and 2 tests for categorical variables. The primary outcome was risk-adjusted stroke fatality at 7 days; risk-adjusted stroke fatality at discharge was a secondary outcome. We used the ADJUST command in STATA to calculate case-fatality rates with adjustment for age, sex, comorbid conditions, ICU admission, and hospital type.
We used generalized estimating equations 22 to evaluate the association between income and hospital volume and 7-day inhospital stroke fatality with adjustment for the following variables: patient age, Charlson-Deyo comorbidity index score, facility type by location (rural/urban), facility teaching status (academic/nonacademic), and most responsible provider (general practitioner/specialist). Generalized estimating equations account for clustering of patients within institutions and provide more accurate CIs than would be provided by simple logistic regression. Compound symmetry (exchangeable) was selected as the correlation structure. 11 The association between hospital volume and stroke fatality was expressed as the odds ratio and 95% CI. In developing the models, a statistical significance level of PϽ0.25 in the univariate analysis was used as a screening cutoff for inclusion of factors in the multivariable analysis. Only variables that achieved a statistical significance of PϽ0.05 were left in the final multivariable model. We used STRATA and ADJUST commands in STATA to calculate riskadjusted fatality. 23, 24 Because interfacility transfers can "contaminate" the classification of high-versus low-volume institutions, we performed a sensitivity analysis by excluding individuals transferred from one to another acute-care facility.
Stratified analyses compared stroke fatality in the following groups: (1) large-volume teaching versus large-volume nonteaching institutions; (2) high-volume teaching versus low-volume teaching institu-tions; (3) patients from low-income areas seen at rural versus urban institutions; and (4) at rural institutions, patients from low-income areas versus those from high-income areas. All statistical analyses were performed with a commercially available software package (SAS Statistical Software 1999, version 8, from SAS Institute Inc, Cary, NC, and STATA, version 7.0, from Stata Corp LP, College Station, Tex).
Ethics
The study protocol was approved by the ethics review board at St. Michael's Hospital, University of Toronto. Because the identity of the patients was kept completely anonymous, no specific informed consent was required. The data pooling center was blinded to hospital identity.
Results
Our study sample included 26 676 patients with ischemic stroke admitted to 606 hospitals across Canada from April 1, 2003 to March 31, 2004 . The mean age of patients was 74 years; 5440 (20%) were younger than 65 years, and 5283 (19.8%) were older than 85 years. Socioeconomic status could not be determined in 1448 (5.3%) patients. Of the remaining 25 228 patients, 5752 (22.8%) were in the lowest income quintile, whereas 4099 (16%) were in the highest income quintile. Overall, 44.5% of stroke patients were categorized as belonging to low-income neighborhoods (quintiles 1 and 2). Baseline characteristics by income quintile are summarized in Table 1 . Patients from lower-income quintiles were more likely than those from higher quintiles to be admitted to low-volume hospitals and nonteaching hospitals and to have a general practitioner rather than a specialist as the most responsible physician during their hospitalization (Table 2) .
Compared with high-income patients admitted to highvolume hospitals, low-income patients admitted to lowvolume hospitals were slightly older, were more likely to be female, were more likely to receive care in rural hospitals and nonteaching hospitals, and were more likely to have a general practitioner rather than a specialist as their physician during hospitalization (Table 3) . They also had a higher rate of medical complications despite similar Charlson-Deyo index scores.
Inhospital 7-day stroke fatality was 7.6%. Stroke fatality was inversely associated with neighborhood income (8 Risk-adjusted 7-day inhospital stroke fatality was higher in the low-income/low-volume group compared with the highincome/high-volume group (7.8% vs 6.2%, PϽ0.001; the Figure) . Using generalized estimating equations, after adjustment for age, sex, Charlson-Deyo score, facility location and teaching status, and physician characteristics, we found that patients in the low-income/low-volume group had higher 7-day inhospital stroke fatality than did those in the highincome/high-volume group (adjusted odds ratioϭ1.26; 95% CI, 1.07 to 1.49; Table 4 ). Similar results were obtained when interfacility transfers were excluded from the analysis.
In the stratified analyses, there were no differences in 7-day inhospital case fatality between high-volume teaching and high-volume nonteaching hospitals or between patients from low-income areas seen at rural versus urban institutions (data not shown). However, when the analysis was limited to teaching facilities, stroke fatality at discharge was lower at high-volume than at low-volume facilities (12% vs 23%, *Socioeconomic status was estimated through an approach developed by Statistics Canada that assigns neighborhoods to equally sized quintiles based on income data reported on the 2001 census. A higher quintile value of a residential area is associated with higher median income of residents in that area. The quintiles in our dataset are not equal in size because median neighborhood income assigned by Statistics Canada at the time of census was missing from the HMDB for 1448 subjects.
†The P values refer to comparisons among groups by 2 tests for trend for categorical variables and by ANOVA for continuous values. Numbers in parentheses represent percentages, unless otherwise specified.
PϽ0.001).
When the analysis was limited to those seen at rural institutions, stroke case fatality at discharge was lower in those from high-income compared with low-income areas (14% vs 17%, Pϭ0.003).
Discussion
In this large, country-wide study, we found that patients from low-income areas admitted to low-volume hospitals had more medical complications and were more likely to be admitted to rural, nonteaching facilities and to receive nonspecialist care than high-income patients admitted to high-volume hospitals. Death after stroke was higher in low-income than in highincome patients and in low-volume than in high-volume institutions. Case fatality increased by Ͼ25% for the compound association of low-income area/low-volume hospitals when compared with high-income area/high-volume hospitals after adjusting for covariates. Our study provides some insight on the route followed by individuals residing in low-income areas and the potential underlying mechanisms. Our findings showed an association between low income, low hospital volume, and poorer stroke outcome, suggesting that Canadians of different socioeconomic groups may have theoretical equal access to health care but practical access to unequal facilities. In other words, in Canada's universal health care system, all patients have access to hospitals, but those residing in higher income neighborhoods may have greater access to high-volume, urban and teaching hospitals, which are facilities associated with better stroke outcomes.
The finding of an inverse association between hospital volume and fatality is consistent with previous studies of stroke as well as other medical conditions. 10, 12 Increased resources, access to specialists or organized care, and lower complication rates in high-volume hospitals may explain this phenomenon. Similarly, the finding of an inverse association between income and stroke fatality is consistent with previous studies. 2, 8, 25, 26 However, our study suggests that it is the combination of low socioeconomic status and low-volume hospitalization that is most detrimental. It is unclear whether the admission of low-income patients to low-volume hospitals occurs from self-selection or whether it is explained by the geographic catchment area of the closest facility.
Major advances have been made during the past several decades in stroke prevention, acute treatment, and rehabilitation, but less attention has been given to the influence of variations in the delivery of services and the impact on stroke outcomes. [27] [28] [29] In addition, there have been few changes made to health care systems to improve access to care for those of low socioeconomic status despite evidence of poorer out- *Socioeconomic status was estimated through an approach developed by Statistics Canada that assigns neighborhoods to equally sized quintiles based on income data reported on the 2001 census. A higher quintile value of a residential area is associated with higher median income of residents in that area. The quintiles in our dataset are not equal in size because median neighborhood income assigned by Statistics Canada at the time of census was missing from the HMDB for 1448 subjects.
comes. Understanding the mechanisms of how socioeconomic status influences health outcomes in different individuals and medical conditions is complex and not unique to cerebrovascular disease. 1, 30, 31 In the Atherosclerosis Risk in Communities Study study, characteristics reflecting poorer neighborhoods were associated with an increased prevalence of vascular risk factors and coronary heart disease. 32 Strategies to modify individual (behavior-dependent) risk factors, such as arterial hypertension, diabetes, and smoking cessation, have been implemented in different countries to target specific low-income groups. However, those strategies that focused on individuals disregard the role and the impact of health system variables, such as hospital stroke volume, facility type (community versus academic, teaching versus nonteaching), and location (rural versus urban). The understanding of health system determinants of stroke outcome may allow governments to adapt a public health intervention to local/regional needs.
Our study has limitations that deserve comment. First, we used administrative health data, which lack information on stroke severity and other clinical factors needed for a detailed case-mix adjustment. Individual comorbid conditions that might explain some of the differences in death by income quintile may have been miscoded or undercoded. In addition, we have little information on differences in the processes of stroke care delivery between low-and high-volume institutions. However, the advantages of the administrative database are its near-population-based case ascertainment (every stroke hospitalization in Canada is included), a large sample size, and valid information on hospital volumes and death after stroke. Second, although we have a shown clear association between socioeconomic status, hospital volume, and stroke fatality, this observational study does not identify the pathway through which patients from low-income areas are more likely to be admitted to hospitals with lower stroke volume. Neighborhood income tends to be lower in rural 19, 20 In addition, our dataset included only stroke hospitalizations; therefore, patients who died before reaching a hospital or immediately after arrival to the Emergency Department were not included. This may not be a major limitation, because preadmission death is more likely to occur in subarachnoid hemorrhage and intracranial hemorrhage, and this study was limited to ischemic stroke. Finally, it is possible that other unmeasured variables, not included in the analysis (eg, medication adherence, social isolation, distance to the closest facility, hospital resources), may be important determinants of survival after acute stroke. Despite these limitations, our national, population-based study provides evidence that both neighborhood income and hospital volume are inversely associated with stroke case fatality. Our results suggest that efforts should be directed toward identifying high-risk subsets of populations as well as institutions with higher-than-expected fatality rates. Public education campaigns could improve the control of vascular risk factors in low-income segments of the population. Small group training sessions could be used to target health care providers at low-volume institutions. In addition, telestroke initiatives could be used to target rural areas, and high-risk patients could be transferred from low-volume to more specialized institutions for care. Our study encourages further research to identify potentially remediable factors related to the delivery of care to reduce stroke fatality, particularly in low-income areas. shows risk-adjusted fatality rates by income and facility volume group. Numbers inside the bars indicate the fatality rate for each group. *PϽ0.001 when stroke fatality at low income/low volume is compared with other income-volume groups. I indicates 95% CI. For the adjusted death rates, stroke fatality was adjusted by age, sex, comorbid conditions, teaching status, most responsible provider, and facility localization. 
